Atrazine (2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine) (ATZ) is one of the components of Striazine. Due to its certain characteristics, ATZ causes pollution in various ecosystems and has been of concern for its probable carcinogenic effects on humans. Researchers have used chemical and physical methods for removing ATZ from the environment. Although these methods are quick, they have not been capable of complete mineralization. Therefore, researchers are looking for methods with lower energy consumption and cost and higher efficiency. In this study, biodegradation of ATZ by microbial consortium was evaluated in the aquatic environment. The present study aimed to evaluate the efficiency of ATZ removal from aqueous environments by using an anaerobic submerged biological filter in four concentration levels of atrazine and three hydraulic retention times. The maximum efficiencies of ATZ and soluble chemical oxygen demand (SCOD) were 51.1 and 45.6%, respectively. There was no accumulation of ATZ in the biofilm and the loss of ATZ in the control reactor was negligible. This shows that ATZ removal in this system was due to biodegradation. Furthermore, the results of modeling showed that the Stover-Kincannon model had desirable fitness (R 2 > 99%) in loading ATZ in this biofilter.
INTRODUCTION
The herbicide atrazine (2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine) (ATZ) (Chena et al. ; Sagarkar et al. ) has been used throughout the world since 1959 for controlling weeds in agriculture (Baxter et al. ) .
Although many European countries have banned its use (Migeot et al. ) , ATZ is still being used in other (0.1 ppb) throughout aquatic environments (Chena et al. ; Baghapour et al. ) . Atrazine is a member of the S-triazine group herbicides and is a probable human carcinogen (Group 2B) (Chan & Chu ; Abigail & Das ) . It is also considered as one of the 33 priority substances of major concern in European waters to be monitored under the Water Framework Directive by the European Commission (Chan & Chu ) . According to the statistics of Iranian Plant Protection, 250 tons of this herbicide were used in 2008 and the average consumption was 1-5 kg per hectare (Rezaee et al. ) .
Atrazine is resistant in the environment and, as a result, causes serious environmental problems. Moreover, it penetrates through the surface and subsurface water bodies due to its high mobility in soil, persistence, low vapor pressure, and its massive application (Tafoya-Garnica et al. ;
Hunter & Shaner ; Wang & Xie ; Baghapour et al.
).
When people are exposed to ATZ at levels above the drinking water maximum contaminant level (MCL) for relatively short periods of time, they may face congestion of heart, lungs, and kidneys, low blood pressure, muscle spasm, weight loss, and damage to the adrenal gland, central nervous system, and the immune system (Ghosh & In some soils, ATZ is stable for more than four years (Lazorko-Connon ). Kannan et al. () conducted a study on Lake Michigan and estimated the half-life of ATZ in surface water to be more than 14 years. Also, ATZ's half-life in groundwater has been reported to vary from 15 months to 20 years (Grover & Cessna ; Spalding et al.
). The United States Environmental Protection Agency
(EPA) and European Union (EU) have established the maximum amount of herbicides in drinking water in the ppb range. EU has established the permissible limit for ATZ as 0.1 μg l À1 (Farré et 
MATERIALS AND METHODS

Biological filter set-up
The experiments were performed in pilot scale. The phys- 4.7 l, and effective volume: 3.9 l. To prevent the interference effects of light (photocatalytic) and algae growth, the column was covered with aluminum foil. Also, a control pilot was used in order to increase the accuracy of the project and eliminate the effects of the interfering factors. 
Synthetic wastewater
The synthetic wastewater used for feeding the bioreactor was a mixture of sucrose and tap water with chemical oxygen demand (COD) of 1,000 ± 15.7 mg l
À1
. pH fluctuations were controlled using 0.5 mol l À1 sodium bicarbonate. Table 2 shows the composition of wastewater used as the feed of the pilot reactor during the test period. Synthetic wastewater was injected into the top of the anerobic filter by a peristaltic pump. Based on the study by Abigail et al.
(), the maximum removal efficiency of ATZ biodegradation occurs at 32 W C. Accordingly, in this study, the temperature was controlled at 32 ± 0.2 W C in the reservoir by an electric heater.
Start-up and system operation
In order for the system to operate, the column was filled with synthetic wastewater with 10,000 mg l À1 COD. The initial seeding was done by using a 1 l mesophilic anaerobic sludge digester of the municipal wastewater treatment plant, Shiraz, Iran. At the first start-up of the reactor, organic loading rate (OLR) in ASBF was 0.5 g COD l À1 d À1 . Because methane forming bacteria grow more slowly than acid run. In addition, at a specified HRT, pH, DO, and temperature were measured every day. To obtain the rates of BOD 5 / SCOD, BOD 5 measurements were carried out at each run.
These parameters were included in the list of measurements just to be certain about the proper operation of the system and stability of the reactors. Unless otherwise specified, the analyses of various parameters were done as the procedures suggested in Standard Methods for the Examination of Water and Wastewater (APHA ). 
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( 1) where R ATZ is the volumetric ATZ removal, R max is the maximum rate of volumetric ATZ removal, B ATZ is the ATZ load per unit volume of the filter, and K is the constant of half velocity. All the parameters are in
The values of B ATZ and R ATZ could be obtained using from the following equations:
where C i is ATZ concentrations in the influent (kg Atrazine m À3 ) and C e is ATZ concentrations in the effluent (kg Atrazine m À3 ).
Using Equations (2) and (3) and Tables 3 and 4, values of B ATZ and R ATZ could be computed for various situations.
The main values are presented in Table 5 . As well, the values of K and R max were obtained using the Curve Expert software and are presented in Table 6 . Also, suggested equations of multivariable modeling were obtained by using MATLAB software presented in Table 7 . Some graphs were drawn using MATLAB software.
RESULTS
During the system operation period, the HRT was reduced from 24 to 12 h and then to 6 h. According to the HRTs, the flow rate in the reactor was set at 0.1504, 0.3009, and 0.6018 l h
À1
, respectively. The most important parameters monitored in the experiments were ATZ residual and SCOD and the means of the measured data are reported in this paper (Table 4) . COD of the inflow wastewater was 1,000 ± 15.75 mg l À1 in all the situations. The trend of ATZ and SCOD removal is shown in Figures 2 and 3.
By substitution of the values of Table 6 into Equation
(1), the results presented in Figures 4-7 were obtained and submerged filters could be designed using these diagrams.
As VAL and VOL increased, the values of VAR and VOR increased as well and these relationships were not linear.
DISCUSSION
Atrazine degradation potential of the mixed anaerobic consortium was evaluated under various ATZ concentrations and HRTs and the results are presented in Table 4 . Results (Figures 2 and 3) showed that in this filter, the ATZ and SCOD removal efficiency increases with HRT. The findings of this study demonstrated that the solution containing ATZ was easily biodegraded and treated in an ASBF. Moreover, ATZ removal efficiencies were above 28% where high ATZ influent was introduced in the ASBF (runs 4, 8, and 12).
The major part of the input ATZ was consumed during these runs as indicated by low effluent ATZ concentration (below 4.89 ± 10 À4 × 3.7 mg l À1 ). The treatment efficiencies achieved at longer HRTs (24 h) in the ASBF fed with low, moderate, and high ATZ concentrations in the influent are summarized in Table 4 . It is evident that in comparison to other HRTs, ATZ and SCOD removal efficiencies were increased at long HRTs due to the slight decrease in ATZ and organic loading rates in the ASBF. Based on the results obtained from Figures 4-7 , the extent of ATZ loading rate was not highly effective in biological ATZ and organic removal efficiencies. When, the HRT was set at 24 h and the ASBF was operated at these conditions until The number of repetitions in each run after steady state ¼ 3. (Table 4) . Also, Figures 8 and 9 showed that in this filter, the ATZ and SCOD removal efficiency completely depend on HRT and initial ATZ concentration. Therefore, it can be concluded that decreasing ATZ as well as organic The effect of initial ATZ concentration and HRT on ATZ removal efficiency
0.96
The effect of initial ATZ concentration and HRT on SCOD removal efficiency shows that this system has a high capability for removing ATZ from aqueous solutions. There was no accumulation of ATZ in the biofilm and the loss of ATZ in the control reactor was negligible. This shows that ATZ removal from the system was due to biodegradation. High degradation rate of ATZ at comparatively high ATZ concentrations might be due to the effect of concentration gradient. At a high concentration gradient, the pollutant has a higher chance to be exposed to and/or penetrate through the cell which is essential for biodegradation. BOD 5 is a measure of the oxidation occurring due to microbial activity. The BOD 5 /COD ratios are the commonly used indicators of biodegradability improvement where a value of zero indicates nonbiodegradability and an increase in the ratio reflects biodegradability improvement. In this study, the ASBF was able to increase the BOD 5 /COD ratio to more than 0.21 in all the experiments. Moreover, significant changes were observed in BOD 5 /COD ratios by increasing the HRT. 
CONCLUSION
The present study investigated the ability of an ASBF to remove ATZ from an aqueous environment. The ASBF was operated at three different anaerobic retention times in order to determine the optimum retention time for the highest ATZ and COD removal. Finally, anaerobic mixed biofilm culture was observed to be suitable for treatment of ATZ from aqueous solutions. There was no significant inhibition effect on mixed anaerobic microbial consortia.
Atrazine degradation depended on the strength of wastewater and the amount of ATZ in the influent and HRTs. Also, the 
